
14 NATIONALADVISORYCOMMITTEE
FORAERONAUTICS

TECHNICALNOTE

NO.1116

STRAIN-GAGESTUDYOF IN!?!EMALLYCOOLEDEXHAUSTVALVES

HAVINGVARIOUSTHROATIIESIGNS

ByArthurG.HelmsandRichardD.Faldetta

AircraftEngineResearchLaboratory
Cleveland,Ohio

.

Washington
August1946

N A C A LIBRARY
--y -OR.L4L AERONAUTICAL .

—

MBoRA’rulw
—-— — .. ._.—

?..m%-.\:,#q~,~-a. ..-. —-—.-. .-———



!Illlllllllllillllllllllll[lll[l““”-
31176Oi4333034

●

4

“&

●

NJYTIOH}LAiIVX30RYC(MMIPJ?I’EEFORAERONAUTICS’

TECHKIXALNOTENO.1116

STRAIN-GAGESTUDYOF ll?TERNALLYCOOLEDEX3AUST‘fKGVES

BAVZNGV;41UNUR3TEROATDESIGNS

ByArthur

Threeinternally
ternaldimensionebut
to detezmlnea method
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G.HelmsandRichardD.Faldetta —.

SUMMARY .—-.

cooledexhaustvalveshavingthesameex-
:Iifferentthroatdesignswereinvestigated

.H— —.---
.-—

ofobkaTZningincreasedcoolant-flowarea
withoutincreasingstresses.TheVal-{eawerestaticallyloaded
to simulatestressssinthethroatregioncausedby valve--closure.
Testsshowedthata cmmtrictioninthecoolant-flowpassagecan
be removedwltlmutincreas~ stresses.Such an increaseLnthe
ccoknt-flowarealowersthecrowntemperature. ..—~

——

A combinationofexcessiveaperatingstressesandtemperatures
causesexhaustvalvestofailat thecrown.me inpartanceof
valvetemperatureandresult- typesof“failurearepresented
inreference1.

.-
Meamrementsof crownoperati~temperatures-are– “-

discussed&.refoz-ence2:whichshowsthatthecrowntemperature
——.

canbe reducedby i.ncreasi~thecoolant-flowarea. An increase
.—

m?thecool.ant-fiowareaintheresionof thethroatnecessitates
a reductioninthecross-sectionalareaofthevalvestemat
t:lisl~c~tion;sucha reductioE~uld ordkarilybe thoughtto
increaseVfiemaxLnLuzsizessesaValveshavebeenknowntofail
at thethroatandex%mplesofsuchfailuresaredescribedin
ra~erences3 and4. Itwouldbe desi~abletoenlargeth6”&ookt-
flowareawit~outincreasingtheetrasses‘hthisregion.

.. .-

Strain-g~eteststo cum~anethestrain-distributioncharacter- .-
isticsofthreeefilaustvalveshavingthesameexternalcontoui%

.-

intheregim ofthethroatwereconductedat the~ACACleveland
laboratory.Oneoftheteetvalveshaaa relakivclysmall -

—

coolant-flgwarea,whereastheothertwohadlangercoalarit-flow
areas.‘Ikestraindistributionsforthetkreevalveswereccmpared

-..
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foranaxialtensileloadof 1000pounds.Thisco?apazzisonis
indicativeoftherelativeoperatingstressesinthethroatsduring
closurewhenthe~ertiaforcesofthestem inducete~~ilestresses
inthethroatregims.

AP3?ARATUSANDTESTPROCIKXJRE

Theayparatusshowninfigure1 wasusedinconjunctionwith
a tensiletestingmachinetoapplytensileloadto thevalves.
An initialloadof50poundswasusedto seatthepartsandthe
increnentof strainresult+tngfroma 1000-poundincrementofload
wasmeasured.Thestrainsweremeasuredwithwireresistance
straingageshavinga strainsensitiveelementofone-sixteentln
by one-sixteenthinch.BakelitecenentBC-6CJ35wasusedasthe
%ond+ingagent.Thegageswerelocatedon thevalveas illustrated
infigure2,whichshowsthegagesorientedtmmeasurethelon@-
tudinalstrain,tk~tis,thesurfacestraininthedirectionof
thelongitudinalaxis. Onthefirsttwovalvestested,gageswere
alsoorientedtomeasurethesL~rfacestainina c~c~erential
direction.Gagesatpointswherethestrainsshouldhe thesame(on
oppositesidesofthevalve,forexample)showeda max”numdevia-
tionfromther.eemof8.4percent.Theaverageofmeandeviations
forninesuchinstanceswas2.5percent. ___

Thecrosssectionsofthethreevalvestested(designatedA,
B, andC)areshownto scaleinfigure3. Theinternalcontours
weredeterminedtrcmX-rayphotographsof thevalves,withthe
exceptionofthedottedportions,whichwereobtainedfromdrawings,
Thespecialfeaturesofeachthroataregiveninthefollowing
table:

Yd.ve l?igure Descriptionofthroat

A 3(a)

B 3(b)

c 3(c)

‘Taperedborein stemwithsharply
constrictedcoolant-flowarea

.
.-

—
.—

—

-——-——

-———

.-

---—
-— .-

SameasvalveA exceptcoolant-
flowareaintheconstricted
regionisenlargedby drilling

.-
Sameexternaldimensionsand
boreas valveB butwithheavier
sectionbetweenthroatand

—-
.

seatingsurface -—.._ --

2 .——

.
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RESULTSANDZJISCUSS1ON .-

Xnthediagramsoffigqre3 tinestrain-gagemeasurementsare
plotte~ina diiiectionnormalto the”wcterioroutlineofthevalve
frompointsatwhichthestra~gageswerolccated.Theqrkrior ---—-—
Outlineofthevalveisthezeroordatumlinefartheordinates.
Curveeof cticuiierentialstrainforvalvesAand B (figs.3(a)
@ (b))re=pectj-vely)showt~t the~~iatio~ofthecirctier-
entialstraininthecriticalthroatregionis insignificant. —-

ValveA (fig.3(a))hasa peakof longitudinalstraininthe
regiona-c. Valve3 (fig.5(b))hasno suchstrainpeak. Figure4
iua rectangularcoordinateplotof strainagatnstdistemcealong
thevalveexternalcentaurfrGmpointd (fig.3(a))oftheseating
surfaceatishowsthatvalves23andC havesmootherstraincurves
intiieregionofthethroatthanvalveA. Thetensilebad would
havea tendencytoreducethecurvatureofthefilletin the .—
regiona-c(fig,3(a))witha correspondingtendencyforhi@

——

termilestraininthisre@on. Theconstrictionintheregionb-c
ofvalveA isbelievedto producecmsiderablestiffnessinthis
regionandthusto confin6thedefamationto theregim a-b. Hence,
theconstrictionat b isconsideredtobe thecausecfthelmgi-< tudinalstrainpeakbetweene end b. ValvesB andC lacksuch .-.... .
a sharppeak,whichisattributedto theabsenceoftinelccalstiff-““
ness(constrictim)thatwaspresentinvalveA. Thecoolant-flow

● areaforvalvesB andC isfourtLmest%t ofvalveA, Examination “-
offigure4 showsthatthisincreasewasobtained@.thlowerpeak
stressesinthethroatregion. ..—

CONCLUDINGKEKi

A constrictioninthevalvetlc”oatthatreducesthecoolant-.
flowareahasbeenshow~to increasevalve-crowntemperature. . .



am

*

Thesesteady-loadtestshaveshminthatsucha constrictioncan
le removedwithoutIncreasingpeakstresses.Theopt- deeiw of
tl-.ethreatregionis consideredtobe onehavingno constriction.

AircraftEngineResearchLaboratory, —— .—
NationalAdvisoryCkxmaitteeforAeronautics, -.. .-

Cleveland,Ohio,A~ril30,1946.
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Figure 2. - Arrangement of strain gages on test valve.
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(a) Valve A.

Figure 3. - Cross-sectionalview of test valves. Spacescale,three times full size; strain
scale, 1 inch represents200 mlcrolnchesper inch for 1000-poundtensile load. Tensile
strainsareplotted outward from and normal to exterior outline of valve from points where
strain gages were located. Contours were taken from X-ray photographs,except dotted por-
tions, which were taken fromdravlnga.
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(b) Valve B.

Figure 3. - Continued. Cross-sectionalview of test valves. Space scale, three times full
size; strain scale, 1 Inch representsS00 mlcroinchez per inch for 1003-poundtensile
load. Tensile strains are plotted outward from and normal to exterior outllne of valve
from points where strain gages were located. Contours were taken from X-ray photographs,
except dotted portions, which were taken from drawings.
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(C)Valve C.

Figure 3. - Concluded. Cross-sectional vleu of test valves. Space scale, three times
full .sJze;strain saale, 1 Inch represents 200 microlnches per inch for 1000-pound
tensile load. Tensilestrainsareplottedoutwardfromandnormaltoexterioroutline
of valve from points where strain gages were located. Contours were taken from X-ray
photographs, except dotted portions, which were taken from drawings.
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